ABSTRACT: This study aimed to: i) use Borg's scale of rating perceived exertion (RPE) in the prescription of cycling training exercises with alternated intensity (S); ii) determine the relationships between RPE and the indices of physiological strains, e.g. heart rate (HR) and blood lactate ([La]), measured during S compared to continuous exercises (C). HR, [La] and RPE were measured in 11 active men at the 5 th and 10 th minutes of cycling exercises. These exercises were performed with constant or varying intensity corresponding to average power outputs (APO) equal to 160 and 240 W. The protocols with varying intensity consisted of alternated short periods (10 s: S10, or 20 s: S20) of medium and high intensity (120-200 W for APO-160 W and 200-280 W for APO-240 W). During S exercises HR, [La] and RPE were significantly higher compared to C exercises. This effect was more pronounced when the duration of alternated-intensity bouts was longer (S20 versus S10 protocols). The relationships between HR, [La] and RPE (mean or individual data) were not significantly different for the different protocols. However, there was a shift in the relationship between RPE and HR measured at the 5th and 10th minutes of exercise (p<0.001). Moreover, in each protocol, there were significant differences in the individual values of HR or [La] corresponding to the same RPE. The relationships between HR, [La] and RPE were not different between C and S exercises. Individually determined RPE can be used in the prescription of training for both exercises.
INTRODUCTION
The evaluation of the aerobic capacity is generally performed by means of continuous incremental tests (laboratory or field tests) in order to measure variables such as maximal oxygen uptake and lactate thresholds, or maximal aerobic power (or speed). The relationships between Borg's rating of perceived exertion (RPE) and physiological exercise parameters such as heart rate (HR) and blood lactate concentration ([La]) were studied in a very large population (2,560 men and women) during incremental exercise tests on a treadmill or cycle ergometer [1] . In that large-scale study, RPE was strongly correlated with HR and [La] (r>0.74; p<0.001). For a long time, before the use of HR monitors, the prescription of exercise intensity was often based on RPE during testing and training. Nowadays, it is possible to measure and record HR by means of reliable and inexpensive HR monitors. Similarly, it is now possible to measure Relationships between rating of perceived exertion, heart rate and blood lactate during continuous and alternated-intensity cycling exercises ance training. Each participant received thorough explanations about the protocol and gave written informed consent prior to any data collection. Before beginning the study, the participants were familiarized with constant and alternated-intensity exercises by performing short bouts of each protocol. The experimental protocol was approved by the Institutional Review Board of Nanterre University, and carried out according to the guidelines of the Declaration of Helsinki.
Material
All the cycling exercises were performed on the same friction loaded ergometer (Monark 894E, Varberg, Sweden). RPE was determined using a French translated [32] Borg 6-20 point-category scale [34, 35] .
HR was recorded with a Sport-Tester (Polar RS400, Polar Electro Oy, Kempele, Finland).
[La] was measured by a portable blood lactate analyser (Lactate Pro, Arkray, Tokyo, Japan). The lactate analyser was calibrated before each testing session and was used according to the manufacturer's guidelines. This [La] analyser has been reported to be reliable and valid [33] .
Protocol
In the first session, the participants performed an incremental cycling test until exhaustion at a constant pedal rate (80 rpm) to determine the peak aerobic power (PAP). This test began with 80 W. The power output was increased by 20 W every minute. The power output corresponding to the last step of this incremental test was considered as PAP. Two days after, the participants performed cycling exercises for 10 min at 160 (2kg*80 rpm) or 240 W (3kg*80 rpm).
These 10 min exercise bouts were both performed at C or S intensities. Alternated intensities were set by adding or subtracting a 1 kg load: 120-200 W (1.5 kg * 80 rpm and 2.5 kg * 80 rpm) for 160 W or 200-280 W (2.5kg*80 rpm and 3.5 kg*80 rpm) for 240 W. For each alternated-intensity exercise (Figure 1 ), the intensity changed either every 10 s (S10 protocol) or every 20 s (S20 protocol). In summary, the subjects performed six tests in three sessions (two tests per day with one-hour rest between tests) in counter-balanced order for C, 10-s and 20-s protocols. The subjects began with 160 W intensity. In all sessions, the intervals between testing sessions were at least equal to 48 hours. Each test started with a warm-up cycling exercise of 5 minutes at 120 W followed by a passive recovery until HR decreased to <110 bpm.
It has been shown that HR was almost constant throughout the last minutes of intermittent exercises for protocols with short exercise and pause periods of equal durations (from 5 to 15 s) [10] . Moreover, the variations in HR were smaller than the variations in VO 2 in these types of protocols [10] . Therefore, the only values of HR collected at the end of the 5 th and 10 th minutes are presented in the results section. RPE was estimated using the Borg 6-20 scale [34, 35] at the 5th and 10th minutes of each exercise bout. Capillary blood samples (5 μl) were collected from the fingertip for lactate concentra-
) at rest, at the 5th and 10th minutes of each exercise protocol.
durations (E/R) and the amplitude (i.e., the difference between exercise and recovery intensities), expressed as a percentage of APO [10] . Field tests, which more closely replicate the characteristics of sport activities, have been proposed to assess the fitness of athletes and sedentary subjects. In these tests, alternated-intensity exercises consist of repeated periods of high and low intensity [11] [12] [13] [14] [15] .
RPE is also used in the prescription of intermittent exercises [16] ; e.g. RPE has been studied in self-pacing interval training with long phases (1-6 min) of exercise and recovery [17] [18] [19] [20] [21] .
Similarly, the quantification of training loads using RPE has been proposed for basketball [22] and soccer [21, [23] [24] [25] [26] [27] . Furthermore, the first study comparing RPE during continuous and intermittent exercises in a pathological population was proposed by Coquart et al. [28] . More recently, RPE has also been used by coronary heart disease (CHD) patients in two studies [29, 30] the number of subjects in that study was very small (3 male subjects), which limited the statistical evaluation of this interesting pilot study.
In the present investigation, we studied the relationship between RPE, HR and [La] during constant and alternated-intensity exercises with short bouts (10 and 20 s) to verify whether the RPE collected during continuous tests could be used in the prescription of alternated-intensity training exercises with short phases.
MATERIALS AND METHODS

Participants
Eleven physical education students (23.90 ± 1.9 years; 76.0 ± 8.3 kg;
1.79 ± 0.05 m) participated in the present study. Most of them practised team sports and none of them were specialized in endurBiology of Sport, Vol. 35 No1, 2018 31
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Statistical analysis
The normality of data was examined with the Shapiro-Wilk test. All data were presented as mean ± standard deviation (SD). Linear regression was used to determine the slope, intercept of the power, and the time model. Statistical comparisons over time were made using a one-way repeated measures analysis of variance (ANOVA).
Post-hoc analyses were conducted using the Bonferroni test. 
RESULTS
Effect of protocols on heart rate, lactate and perceived exertion
PAP of the participants was 313.0 ± 11.0 W (range: 300 W -
W). The values of HR, [La]
and RPE are presented in Table 1 .
For the 5th minute at 160 W, the effects of protocols were sig- The results of the Bonferroni post-hoc tests were presented in Table 1 . The values of HR, [La] and RPE were significantly higher in S20 at the 5th and 10th minutes.
Relationships between RPE and HR
The relationships between RPE and HR could be described by the same linear regression including all the exercises (160 and 240 W; For the data collected at the 5 th and 10 th minutes, the relationships between individual values of RPE and HR were almost paral-C S10 S20 P P P (C vs S10) (S10 vs S20) (C vs S20) 
DISCUSSION
Compared to the data for continuous exercises, the values of HR at 160 and 240 W were significantly higher during alternated-intensity exercises (S10 and S20). In agreement with the results of Edwards et al. [31] , lower mechanical efficiency in alternated-intensity exercise could explain this higher HR in protocols S10 and S20. Furthermore, lower mechanical efficiency for intermittent and alternated-intensity protocols was, in fact, observed by Guiraud et al. [30] (see appendix B).
The possibility of lower mechanical efficiency in alternated-intensity or intermittent exercises was questioned in the review by Saltin et al. [10] . Indeed, according to Pedersen's unpublished data presented in Figure 2 of the paper by Saltin et al. [10] , the VO 2 during alternated-intensity exercises with the same APO as during continuous cycling exercises was slightly higher at 180 W, only. Similarly, the mechanical efficiency of intermittent work was within the same range and only slightly lower than that found in continuous work in In agreement with the study by Edwards et al. [31] , the relationships between RPE and [La] (Figure 2A ) or HR ( Figure 2B and Figure 3) were not statistically different for continuous and alternated-intensity protocols. These results suggested that RPE can be used in the prescription of training for both continuous and alternatedintensity exercises.
CONCLUSIONS
The values of HR, [La] and RPE measured during alternated-intensity exercises were higher than those measured during constant-intensity exercise with the same APO. This effect was more pronounced when the duration of exercise periods of alternated-intensity protocols was longer (S20 versus S10). However, the relationships between HR, [La] and RPE were not significantly different between continuous and alternated-intensity protocols. Individually determined RPE can be used in the prescription of training for both continuous and alternated-intensity exercises.
APPENDIX A
Interesting unpublished data of a study by Pedersen on the alternated-intensity exercises were presented in a review by Saltin et al. [10] on the intermittent exercise. In Pedersen's study, continuous exercises were compared with alternated exercises with the same APO (60, 120, 150 and 180 W) and different amplitudes. Unfortunately, the protocols were not detailed and the results were presented in several figures, only. The value of the ratio E/R was 1 in all the alternated-intensity protocols and the durations of E were 15 or 120 s.
According to Figure 13 'Large' amplitude probably corresponded to 75% APO ( Figure 13 [10]). Medium amplitude was not specified but probably corresponded to 50% APO (± 25% APO).
In spite of the lack of details about the protocols, these data are interesting because this study is probably the only one that has compared the effects of the amplitude and duration of E and P on RPE during continuous and alternated-intensity exercises. The main results of the paper by Saltin et al. [10] were as follows:
1. The perceived exertion in alternated-intensity exercise scores higher on the Borg scale than continuous exercise at the same APO; the early studies by Chrestensen et al. [36] and Astrand et al. [37] .
For example, the VO 2 uptakes corresponding to the same APO (180 W) were equal to 2.44 L · min -1 for continuous exercise and 2.60 L · min -1 for 30 s-30 s intermittent exercise [37] , that is, 6%
lower mechanical efficiency, only. The reduction of mechanical efficiency during alternated-intensity or intermittent exercises could be partly explained by the recruitment of the fast muscle fibres that increases at high percentages of PPO. Indeed, the maximum mechanical efficiency is lower when measured in the isolated fibres of fast muscles. For example, the maximum mechanical efficiency was 0.333 for the fast muscles (extensor digitorum longus, EDL) and 0.425 for the slow muscles (soleus) in the mouse [38] . The subjects of the early studies by Christensen et al. [23] and Astrand et al. [37] were endurance athletes. The participants of the present study were not specialized in endurance exercises but practised team sports, and their proportions of fast muscle fibres were probably higher.
Therefore, a greater effect of the alternated protocol on VO 2 , HR and RPE would be expected if efficiency depends on muscle fibre proportion. However, the effect of muscle-fibre type on mechanical efficiency during cycling exercises is debatable [39] [40] [41] [42] [43] [44] [45] [46] .
In the present study, all the relationships between RPE and HR and 170 bpm, respectively. It would be interesting to study the effect of time on the RPE-HR relationships beyond 10 min in continuous and alternated-intensity protocols. In long-lasting continuous cycling exercises up to exhaustion [47] , there were drifts in HR and RPE.
The slopes of the RPE-time or HR-time relationships from the beginning to exhaustion depended on the exercise intensity. Unfortunately, the effect of time on the relationship between HR and RPE for the different exercise protocols was not studied in this previous paper.
In contrast with the RPE-HR relationship, the same regression could describe the relationship between the mean values of RPE and [La] at the 5 th and 10 th minute (Figure 2A ). However, there was a sig- 12.2 for continuous protocol and 13.7 for S15 (average of S10 and S20).
APPENDIX B
In the first study, Guiraud et al. [29] compared intermittent and alternated-intensity protocols. In the intermittent protocols, power output was equal to 100 and 0% PPO during the exercise and recovery phases, respectively. In alternated-intensity protocols, power output was equal to 100 and 50% PPO during the exercise and recovery phases, respectively. Each participant performed 2 intermittent exercises: one with exercise and recovery phases lasting 15 s A lower mechanical efficiency for intermittent and alternated protocols was observed in the next study by Guiraud et al. [30] . In a pilot study, 18 CHD patients performed two exercises of 10 min composed of repeated phases of 15 s at 100% of peak power output ) measured during an intermittent protocol (15 s at 100% PPO and 15 s passive recovery). However, the APO of the intermittent protocol was equal to 50% PPO (100/2) and, consequently, the APO of the continuous protocol was 40%
higher (70/50). Therefore, the mechanical efficiency (APO/VO 2 ) of the intermittent protocol was, in fact, 21% lower than that of the continuous protocol.
